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Abstract
A composite is provided having an electrically conducting Al matrix andelongated filaments comprising Ca
and/or Sr and/or Ba disposed in the matrixand extending along a longitudinal axis of the composite. The
filaments initially comprise Ca and/or Sr and/or Ba metal or alloy and then may be reacted with the Al matrix
to form a strengthening intermetallic compound comprising Al andCa and/or Sr and/or Ba. The composite is
useful as a long-distance, high voltage power transmission conductor.
Keywords
Ames Laboratory, Materials Science and Engineering
Disciplines
Metallurgy
This patent is available at Iowa State University Digital Repository: http://lib.dr.iastate.edu/patents/278
(12) United States Patent 
Russell et a1. 
US008647536B2 
US 8,647,536 B2 
Feb. 11, 2014 
(10) Patent N0.: 
(45) Date of Patent: 
(54) 
(75) 
(73) 
(21) 
(22) 
(65) 
(60) 
(51) 
(52) 
(58) 
ALUMINUM/ALKALINE EARTH METAL 
COMPOSITES AND METHOD FOR 
PRODUCING 
Inventors: Alan M. Russell, Ames, IA (US); Iver 
E. Anderson, Ames, IA (US); Hyong J. 
Kim, Ames, IA (US); Andrew E. 
Freichs, Ames, IA (US) 
Assignee: Iowa State University Research 
Foundation, Inc., Ames, IA (US) 
Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 116 days. 
Appl. N0.: 13/136,599 
Filed: Aug. 4, 2011 
Prior Publication Data 
US 2012/0049129 A1 Mar. 1, 2012 
Related U.S. Application Data 
Provisional application No. 61/401,266, ?led on Aug. 
10, 2010. 
Int. Cl. 
H01B 1/14 (2006.01) 
B32B 5/12 (2006.01) 
U.S. Cl. 
USPC ...... .. 252/512; 428/545; 428/114; 428/293.1; 
29/825; 174/104 
Field of Classi?cation Search 
USPC ................. .. 505/231; 174/102 R, 104, 128.2; 
29/825; 252/5124514, 518.1; 428/545, 
428/114, 293.1 
See application ?le for complete search history. 
Extrusion Can 
1112mm Ca wire 
¢2mm Al wire [99.99% purity) 
(56) References Cited 
U.S. PATENT DOCUMENTS 
3,795,042 A * 3/1974 Kreider et al. .............. .. 228/190 
4,200,767 A * 4/1980 Nomura et al. 174/125.1 
4,839,238 A * 6/1989 Nakataniet al. 428/614 
5,132,278 A * 7/1992 Stevens et al. 505/231 
5,200,004 A 4/1993 Verhoeven et a1. 148/527 
5,330,969 A * 7/1994 Finnemore et al. 505/431 
6,117,534 A * 9/2000 Yamamura et al. 428/294.1 
7,794,520 B2 * 9/2010 Murty et al. . . . . . . . . . . .. 75/245 
2006/0024489 A1* 2/2006 Werner et al. .. 428/323 
OTHER PUBLICATIONS 
Russell, A.M., et al., A high-strength, high-conductivity Al-Ti defor 
mation processed metal metal matrix compo site, Composites: Part A, 
vol. 30, pp. 239-247, 1999. 
Xu, K., et al., Characterization of strength and microstructure in 
deformation processed Al-Mg composites, Journal of Materials Sci 
ence, v01. 34 (24), pp. 5955-5959, 1999. 
Xu, K., et al., A deformation processed Al-20% Sn in situ composite, 
Scripta Materialiam v01. 44, pp. 935-940, 2001. 
Xu, K., et al., Microstructure and strength of a deformation processed 
Al-20% Sn in situ composie, Journal of Materials Science, vol. 
37(24), pp. 5209-5214, 2002. 
Xu, K., et al., Texture-strength relationships in a deformation pro 
cessed Al-Sn metal-metal- composite, Journal of Materials Science 
and Engineering A, vol. 373, No. 1-2, pp. 99-106, 2004. 
* cited by examiner 
Primary Examiner * Mark Kopec 
(57) ABSTRACT 
A composite is provided having an electrically conducting Al 
matrix and elongated ?laments comprising Ca and/or Sr and/ 
or Ba disposed in the matrix and extending along a longitu 
dinal axis of the composite. The ?laments initially comprise 
Ca and/ or Sr and/ or Ba metal or alloy and then may be reacted 
With the Al matrix to form a strengthening intermetallic com 
pound comprising Al and Ca and/or Sr and/or Ba. The com 
posite is useful as a long-distance, high voltage power trans 
mission conductor. 
35 Claims, 24 Drawing Sheets 
US 8,647,536 B2 Sheet 1 0f 24 Feb. 11, 2014 Us. Patent 
@ 
US. Patent Feb. 11,2014 Sheet 2 0f 24 US 8,647,536 B2 
ZO 
US 8,647,536 B2 Sheet 3 0f 24 Feb. 11, 2014 US. Patent 
US. Patent Feb. 11,2014 Sheet 4 0f 24 US 8,647,536 B2 
150— 
100— 
Stress (MPa) 
' I ' I ' l 
O 5 1O 15 20 
Strain (%) 
Figure 5 
US 8,647,536 B2 Sheet 5 0f 24 Feb. 11, 2014 US. Patent 
h T
M H 5_ O W N
a 
c- ................ -
NA ............. Ink! 
8 C '2 A; ................. i
m- ................. i
N- .............. 3 02 m ........................ -
L 
| lIlg?r||l |||||||| 
a .................. -U 
C2 m a 
C L
I2 l I|I
A a 
c .............. -Asiazc?s 
25 20 
2theta (deg.) 
10 
Figure 7 
“£sz awed";2.5.2 ggs
110 50 60 70 30 
Mean free: Path. (um) 
Figure 6 
US 8,647,536 B2 Sheet 6 0f 24 Feb. 11, 2014 US. Patent 
w 2&5 
.vlmEF 
ma?a whim:a.oiP Fn-m
A amom 
2 HA 
o A. . 
H O OH m
P H 
I 2m 
H - 3
L. 
I mwim 
xm?m - m 
Lua-(j? ‘Algnglslsag 
US. Patent Feb. 11,2014 Sheet 7 0f 24 US 8,647,536 B2 
1 .E+05
1.E+04 ?mgs 543K 
1.E+03 Figure 9 
3.3 - 3.05 - 
I I I 
‘Y m a 3.25 - 
mus-U11 ‘Aynglsgsag 
US. Patent Feb. 11,2014 Sheet 8 0f 24 US 8,647,536 B2 
wa-(j'ri ‘Algnglsgsag 
US. Patent Feb. 11,2014 Sheet 9 0f 24 US 8,647,536 B2 
US. Patent Feb. 11,2014 Sheet 10 0f 24 US 8,647,536 B2 
mus-(311 ‘ansgsau 

U S. Patent Feb. 11,2014 Sheet 12 0124 US 8,647,536 B2 
$221212: 
lava-:1. 1 
US. Patent Feb. 11,2014 Sheet 13 0f 24 US 8,647,536 B2 
3 
U S. Patent Feb. 11,2014 Sheet 14 0124 US 8,647,536 B2 
US 8,647,536 B2 Sheet 15 0f 24 Feb. 11, 2014 US. Patent 
US 8,647,536 B2 Sheet 16 0f24 Feb. 11, 2014 U S. Patent 
US. Patent Feb. 11,2014 Sheet 17 0f 24 
Spectrum 1 
Spectrum 3 
Figure 23 
US 8,647,536 B2 
Spectrum 2 
Spectrum 4 
US 8,647,536 B2 Sheet180f24 Feb. 11, 2014 US. Patent 
2 st 
82me £352 . 
cm owONH
1 q.- _1-_ —1—?‘ 
:25 
E {NaziI 
E 
‘n'e ‘slun03 PBZHELUJON 
US. Patent Feb. 11,2014 Sheet 19 0f 24 US 8,647,536 B2 
'n'e ‘slunoj pazg|euuoN 















